D uring 2002-2008, infection with influenza viruses
caused 40,880-160,270 deaths each year throughout the Americas (1) . To prevent illness and death, medical staff in 35 countries throughout the Americas administer influenza vaccines (2) . However, producing the vaccine takes ≈6 months, and selecting virus strains necessitates assessing which strains are likely to predominate during upcoming epidemics (3) .
Surveillance for influenza has improved dramatically, especially in the American tropics (4) . Nevertheless, it remains unclear whether virus strains identified in North America subsequently become predominant in South America and vice versa (3) . Such information could help public health officials in each hemisphere prepare for upcoming influenza seasons. We describe influenza epidemics in North, Central, and South America and explore whether the virus strains that caused them were similar.
The Study
We obtained the number of respiratory swabs tested throughout each year and the number that were positive for influenza virus from the Global Influenza Surveillance and Response System (5) . Data from Canada, Mexico, and the United States (population 458 million) collected during 2002-2013 were aggregated to represent North America; data from Belize, Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and Panama (population 42 million) to represent Central America; and data from Argentina, Brazil, Chile, Paraguay, and Uruguay (population 262 million) to represent South America (6) . We obtained antigenic characterization data from the Centers for Disease Control and Prevention (Atlanta, GA, USA).
We determined the proportion of respiratory specimens that tested positive for influenza virus each month in North, Central, and South America and then determined the annual median for each subregion; months in which the proportion exceeded the annual median were considered epidemic (7) . The timing and length of epidemics in each subregion were also explored, and the proportion of samples testing positive for influenza virus was used as a proxy for epidemic severity. Antigenic virus strains were defined as predominant if they made up the largest proportion of positive samples by type or subtype during an influenza season.
We assessed whether predominant virus strains identified in South America were subsequently identified in Central and North America and whether strains identified in North America were subsequently identified in Central and South America. We also investigated whether predominant strains were represented by components of available Southern or Northern Hemisphere vaccine formulations. In South America, influenza epidemics started in April, in Central America in June, and in North America in December. With the exception of 2 (25%) of 8 years in Central America and 2 (17%) of 12 years in South America, when there was 1 southern temperate winter epidemic and a smaller northern temperate winter epidemic, all subregions had 1 annual influenza epidemic that lasted ≈5 months.
The predominant influenza A(H1N1) virus strains in South America predominated in 9 of 9 subsequent seasons in Central America and 12 (92%, 95% CI 78%-107%) of 13 subsequent seasons in North America (Table 1 ; online Technical Appendix, http://wwwnc.cdc.gov/EID/ article/21/7/14-0788-Techapp1.xlxs). Similarly, A(H3N2) virus strains in South America predominated in all 11 (92%, 95% CI 76%-107%) of 12 subsequent seasons in Central America and 10 (71%, 95% CI 48%-95%) of 14 subsequent seasons in North America. Predominant influenza B virus strains in South America only predominated in 8 (67%, 95% CI 40%-93%) of 12 subsequent seasons in Central America and 8 (57%, 95% CI 31%-83%) of 14 subsequent seasons in North America. Virus strains in South America during 1 season typically did not predominate in subsequent seasons in South America (54%, 95% CI 38%-70%).
Determination of Predominance of Influenza Virus Strains in the Americas
The predominant A(H1N1) virus strains in North America predominated in 7 (78%, 95% CI 51%-105%) of 9 subsequent seasons in Central America and 10 (83%, 95% CI 62%-104%) of 12 subsequent seasons in South America. A(H3N2) virus strains in North America predominated in 8 (67%, 95% CI 40%-93%) of 12 subsequent seasons in Central America and 10 (77%, 95% CI 54%-100%) of 13 subsequent seasons in South America. Influenza B virus strains in North America predominated in 9 (75%, 95% CI 51%-100%) of 12 subsequent seasons in Central America and 7 (54%, 95% CI 27%-81%) of 13 subsequent seasons in South America. Virus strains that predominated in North America during 1 season were less likely to predominate in the subsequent season in North America (62%, 95% CI 46%-77%).
At Table 2 ). strains. Nevertheless, such findings underscore the importance of year-round surveillance, viral characterization, data sharing, and annual influenza vaccination.
Conclusions
Our analyses are based on a convenience sample of respiratory specimens obtained from heterogeneous surveillance systems using different diagnostic assays (e.g., Influenza Virus Strains in the Americas PCR and immunofluorescence) and then aggregated by subregion. These samples may not be geographically representative. Additional data will be needed to determine whether the characteristics of 1 subregion reliably predict influenza epidemics in another. New viral strains that appear might be introduced from outside the Americas (3). In summary, health officials in North and Central America may find clues about which influenza A virus strains are likely to predominate during an upcoming season by observing which were predominant in South America and vice versa. Our findings underscore the need to share timely and representative specimens with World Health Organization Collaborating Centres. In the future, shorter vaccine production times using novel technology might facilitate matching vaccine composition more closely to circulating virus strains.
